Summary
The littering rate of female rats was significantly lowered when they had been exposed to sialodacryoadenitis early in pregnancy. Rats of 8 weeks or more of age were highly susceptible to contact infection, showing marked decrease in bodyweight gain, whereas those of 5-6 weeks of age were resistant.
Many aetiological and histopathological studies on sialodacryoadenitis (SDA) in rats (Bhatt, Percy & Jonas, 1972; Jacoby, Bhatt & Jonas, 1975; Jonas, Craft, Black, Bhatt & Hilding, 1969; Lai, Jacoby, Bhatt & Jonas, 1976; Nunoya, Itabashi, Kudow, Hayashi & Tajima. 1977; Tuchi, Matthiesen & Helm, 1977) have appeared since the first report by Innes & Stanton (1961) . However, there have been few reports on its epizootology and symptomatology; Utsumi, Maeda, Tatsumi & Fujiwara (1978) have described decreased food consumption, loss of bodyweight and disorder of the oestrous cycle in diseased rats.
Recently there has been a decrease in reproduction rate in our breeding colony of spontaneously hypertensive rats (Okamoto & Aoki, 1963) , coincidental with the occurrence of SDA. Sucking and weanling animals were not affected. This paper reports the effects of SDA on breeding performance.
Materials and methods

Animalfacilities
Barrier-system (BS) units of 216 m 2 and 100 m 2 were equipped with absolute air filters (Flanders 700-7C lOaF; Nitta Velt Co., Osaka 541, Japan, and airshowers (PEJ-750D;
Hitachi Ltd, 5-1 Marunouchi I-chome, Chiyoda-ku, Tokyo 100, Japan) at the entrance. Another unit of 170 m 2 , was of conventional (CV) environment. Each unit was divided into rooms (15-45 m 2 ) air-conditioned at 24 ± 2°C with a relative humidity of 55 ± 5%. Each room contained 150-500 cages each housing 4-5 mice or 1-2 rats or guineapigs. In the BS units about 2000 rats and 500 mice were maintained throughout the year, while
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the CV unit contained 1600 rats, 1600 mice and 300 guineapigs. Animals reared in the BS units were given a pelleted diet (CE-2; Clea Japan Inc., Meguro-ku, Tokyo, 153, Japan or NMF; Oriental Yeast Co., 6-10 Azusawa 3-chome, Itabashi-ku, Tokyo] 74, Japan) sterilized by autoclaving (120°C for 30 min) or irradiation (3 Mrad C060). Drinking water was also sterilized by autoclaving. Those reared in the CV unit were given the same diets and water, but without sterilization. Cages and bedding were changed twice weekly. Cages, racks and the floor of each room were cleaned with sodium hypochlorite solution (effective chlorine 0·1-0·2%). Before entering BS units caretakers washed their face, hands and feet with O·2% polyoxy-ethylene-alkylphenyl-ether solution ('Hypal' No. 20; Dainippon Pharmaceutical Co., 25 Dosho-machi 3-chome, Higashi-ku, Osaka 541, Japan), and they wore autoclaved clothes. Clean but un sterilized clothes were provided for caretakers working in the CV unit.
Animals SD rats and ICR mice reared in the BS units were purchased at 4 weeks of age from a commercial BS breeder (Clea Japan), while SHR rats and KK mice were bred in this laboratory. The breeder's colony had been monitored serologically for and found free from mouse hepatitis virus (MHV-2), Sendai virus, Tyzzer's bacilli and Bordetelfa bronchiseptica (Fujiwara, Tanishima & Tanaka, 1979) . Except for SHR rats, which were being bred, the animals were being used for subacute and chronic toxicity or fertility tests. In the conventional unit, SD rats and ICR mice of the same sources as above, as well as Wistar rats, dd mice and Dunkin-Hartley guineapigs from another commercial breeder (Shizuoka Jikken-dobutsu, Hamamatsu, Shizuoka & Nihon dobutsu Co., Toyonaka 435, Japan; Osaka 561, Japan) which had not been checked for any infections, were reared. Most of these animals were kept in the units for about 10-45 days.
For every mating group the following indexes were recorded: mating rate (number of females mated/ number of females paired), littering rate (number of females littering/number of females mated), number of non-littering females, number of weanlings, and reproduction index (offspring weaned/number of females paired).
A male and a female were housed together in an aluminium cage (240 x 350 x 150 mm), and every morning a vaginal smear was prepared with Giemsa stain and examined microscopically.
The day when sperm were detected in the smear was denoted as day o of gestation.
Contact infection 5 rats with clinical signs of SDA were selected and housed individually in a polycarbonate cage (310 x 360 x 175 mm), and 3 or 4 SHR rats 5-11 weeks of age, which had been bred in the BS units, were introduced into each cage. Salivary glands were palpated and bodyweights recorded daily for 21 days.
Results
An epizootic of sialoadenitis occurred first in June of 1972 in SD rats reared in the CV unit, and has since recurred once or twice a year (Utsumi et at., 1978) . In September 1978 another epizootic ofSDA occurred in a CV breeding room containing 7 groups of SD rats (Table I) . In this room, morbidity rates were 55% for pregnant females, 35% for suckling females, and 48% for females 'resting' after their 1st litter, while 76% of adult males were affected.
The breeding records of SHR breeding females mated before and during the epizootic (Table 2) show the effect of the epizootic of May 1976.
In an epizootic in the SD rat breeding colony in September 1978 (Table I) , the littering rate of females mated during the epizootic period was 71% (10/14). Breeding females which had been mated before the epizootic, and were on day 7 or days 13-20 of gestation on 6 September showed a littering rate of 93% (14/15).
The SHR females, having mated before the epizootic, were on days 9-14 of gestation on the day of the outbreak, 11 May, and had a littering rate of 82% (18/22). In contrast, those mating during the epizootic period had a littering rate of 63% (26/41), indicating that SDA at an early stage of gestation might lower the rate.
SHR breeding female rats mated during the epizootic of SDA in May 1976 showed a littering rate of 63% with a reproduction index of 3·59, lower than values during the nonepizootic periods, January-April and June-December 1976 ( Table 3) .
As animals of 18-20 weeks of age were most susceptible, but no cases were found in those of 2-4 weeks of age (Table 1) , a contact-infection experiment was carried out in the system of cage-mating already described. SPF-SHR rats of 5 weeks old proved insusceptible to the disease, whereas 50-100% of those of 6-11 weeks of age were affected after mating with di~eased animals (Table 4 ).
The onset of the disease varied with the age of the animal. Loss of bodyweight was most marked in those 8 weeks or more of age (Fig. I) . In this experiment the only clinical sign recognized was swelling of the submaxillary glands, but without blood-stained tears.
Discussion
We have previously reported a disorder of oestrous cycles in breeding rats during the epizootic period of sialoadenitis (Utsumi et al., 1978) , and the present study revealed that the littering rate and reproduction index were lowered when breeding females contracted SDA. Further, it was shown that SDA had most influence on pregnancy when it was contracted at a very early stage of gestation. It seems likely that the implantation of fertilized eggs is inhibited by the infection. Some female rats, infected early in pregnancy, were found at autopsy to have dead embryos in the uterus.
It has been reported that avian infectious bronchitis (IB) virus, a coronavirus, is also more pathogenic for adult birds than the young, causing a decrease in egg production and changes in egg qualities (Hofstad, 1972) . Infection with mouse hepatitis virus, another coronavirus, has been reported to cause a decrease in weaning rate (Iwai, Ito, Yamanaka, Ishiharllt··-& Shumiya, 1973) .
Weanling rats from infected and uninfectedcolcmies were found to be resistant to SDA, and the onset time of the diseases after contact infection was delayed in rats of 6 weeks old compared with those aged 8 weeks or over.
There were apparent effects of the infection on bodyweight gain in rats of 8-11 weeks old, but not in rats of 6 weeks of age which continued to increase in bodyweight. In the outbreak of 1972 -1976 (Utsumi et al., 1978 and in other histopathological reports (Innes & Stanton, 1961; Nunoya et al., 1977; Tuchi et al., 1977; Weisbroth & Peress, 1977) , natural infections occurred always in adult animals. It was reported that Infectious sialodacryoadenitis and rat breeding naturally-occurring keratoconjunctivitis due to SDA virus was observed in rats aged 3 weeks or over, and that the morbidity rate reached its peak at the age of 10 weeks (Jacoby et al., 1975; Jonas et al., 1969) .
